The pore-forming subunit of voltage-gated calcium channels is associated to auxiliary subunits among which the cytoplasmic β subunit. The different isoforms of this subunit control both the plasma membrane targeting and the biophysical properties of the channel moiety. In a recent study, we demonstrated that the Cacnb4 (β 4 Calcium entering neurons in response to the spontaneous or electrically-evoked activation of voltage-gated calcium channels (VGCC) is the first step that switches on a number of intracellular pathways leading to specific physiological responses 1 . Several cellular events that control neurons development, such as cell migration or axon path-finding, and neuronal functions, such as transmitter release, have been shown to rely on the activation of VGCC 2 .
Calcium involvement in such pathways was originally associated to the direct control of the activity of several enzymes, ATPases, kinases or phosphatases, and/or calcium binding proteins, allowing a rapid response of the cell to electrical stimulation. More recently, results have accumulated that demonstrate the link between neuronal activity and regulation of gene expression 3 . In this context, the exact role of the VGCC has been intensively investigated 4 .
Three different signaling pathways linking VGCC and gene expression can be described 5 Using a combination of methods, including yeast two-hybrid screening, immunoprecipitation, sub-cellular fractionation and confocal imaging approaches, we identified the phosphatase 2A
Ppp2r5d (B56δ) subunit as the cytoplasmic β 4 partner that allows β 4 nuclear targeting. An important finding was that a human mutation within CACNB4, the β 4 encoding gene, which has been associated to juvenile myoclonic epilepsy 9 , prevents both the nuclear translocation of β 4 and its association with B56δ. This R482X stop mutation leads to the truncation of 38 amino acids residues within the C-terminus of β 4 , producing the β 1-481 variant. Our search for the identification of molecular determinants of β 4 that govern its sub-cellular localization highlighted the imperious necessity for the preservation of β 4 structural integrity. In particular, our data demonstrated that an intact interaction between SH3 and GK domains of β 4 is required for β 4 nuclear targeting. Point mutations of one or the other of these two domains (SH3 L125P or GK P225R), known to preclude their interaction 10, 11 , strongly impair β 4 /B56δ interaction and β 4 nuclear localization. These results point out the previously unrecognized role of the C-terminus domain, whose structure is still unknown, in modulating the global folding of β 4 and as a consequence its functionality. Similarly, the human mutation R482X results in a change in β 4 structural conformation that precludes the SH3/GK interaction and the association to B56δ. As a result, this mutated form of β 4 hardly travels to the nucleus. In addition to B56δ, β 4 was also found in complex with the catalytic subunit of PP2A. The genes of this group are directly related to essential neuronal functions. Indeed, NFκB2 is a transcription factor involved in neuronal plasticity and is activated in several regions of brain during neurogenesis 14, 15 . NFκB2 has been linked to neurodegenerative disorders 16 . Similarly CXCR4 is a G protein-coupled receptor for chemokines that are essential attractants during brain development. Abnormal cerebellar and hippocampal dentate gyrus development were observed in the absence of CXCR4 17, 18 . Finally, pyridoxal kinase (PDXK) is an enzyme that converts vitamin B6 derivates in pyridoxal phosphate, a cofactor in the synthesis of various neurotransmitters. Decrease brain level of this cofactor has been reported to cause epilepsy 19 .
However, the role of β 4 in the regulation of these genes in brain remains to be established.
From the analysis of publicly available microarray data set for gene expression in lh versus wt mice cerebellum we identified 94 genes whose expression is significantly modified in lh versus wt mice 8 represented by the dissociation of β 4 from the VGCC. Dissociation of β subunit from the VGCC has previously been shown to occur in different situations, such as spontaneously 21 , in growth cones of outgrowing neurons 22 , under G protein regulation 23 with other protein partners after dissociation from the VGCC. Here again, it will be important to study the effect of this mutation on β dissociation. This point is even more important to take into account since several known α 1 mutations, found in association with important neuronal disorders 27 , could possibly modify the parameters of β 4 dissociation from the VGCC. As mentioned above, β 4 mutations that prevent the interaction between the SH3 and GK domains also preclude the interaction of β 4 with B56δ, an important step on the route of β 4 to nucleus.
Whether or not these mutations also affect the interaction of β 4 with protein partners other than B56δ remain to be established. Curiously, electrical stimulation has also been reported to promote nuclear export of expressed β 4 in neurons 28 . Although the factors and mechanisms responsible for this nuclear export of β 4 remain to be deciphered, these results suggest that the presence of β 4 within the nucleus is strongly and precisely controlled by several factors. Among these, several represent proteins involved in histone post transcriptional modification and/or in transcription regulation. Others might guide β 4 to different routes also ending within the nucleus. Although our recent study focused on a signaling pathway that is abolished when β 4 carries the human mutation associated to juvenile epilepsy, it is clear that other signaling pathway involving β 4 exist that remain to be discovered. We also show that, among the different isoforms of β subunit, β 3 is also able to interact with B56δ here again suggesting the existence of redundant pathways involving β subunits. We are currently analyzing these interactions in order to better identify the different complexes involving β 4 as well as their sub-cellular localization.
In conclusion, our data demonstrate that, besides its role in VGCC targeting and regulation of 
Materials and Methods

Microarray experiments and statistical Analysis
Microarray experiments were performed commercially through PartnerChip (Evry-France), technical variability between samples and student test was applied on data. To sort statistically significant regulated transcripts, 2 filter parameters were used: a regulation factor greater than 2 and statistic significance with a p-value under 0.1, after p value adjustment using Benjamini-Hochberg procedure 29 to control false discovery rate. PCA and Volcano Plot graphs were generated using Bioconductor packages and hierarchical clustering analysis through ArrayAssist software (Stratagene).
NG108-15 cell differentiation
NG108.15 cells were differentiated two days after plating by decreasing fetal calf serum to 1% and addition of 1 mM dibutyryl cAMP.
Quantitative RT-PCR
Total RNAs were extracted using the RNeasy kit, supplemented with DNase I (Qiagen).
cDNAs were synthesized from 1 µg total RNA using random hexamer primers (Promega) and Superscript II (Invitrogen). Primers, recognizing sequences from both mouse and rat genes of interest, were designed with the Primer 3 software (http://frodo.wi.mit.edu/). The cycling protocol was 10 min at 95°C followed by 40 cycles of 3 steps each (10 sec at 95°C, 5 sec at 60°C, and 10 sec at 72°C). The specificity of the amplification was checked by realizing a melting curve ranging from 65 to 95°C. Multiple normalization of gene expressionperformed using 3 housekeeping genes (glyceraldehyde 3-phosphate dehydrogenase, hypoxanthine phosphoribosyl transferase 1, and peptidylprolyl isomerase A). 
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